The use of microscope laser light-scattering spectroscopy allows for the measurement of dynamic properties of intracellular particles inside single fiber cells at different locations in the intact chicken embryo lens. Profiles of the diffusive properties of the 6-crystallin proteins across the lens are reported for developing chickens from day 5 to day 37. A clear decrease of the diffusion is observed in the lens nucleus relative to the cortex beginning with day 10.
In an earlier dynamic laser light-scattering study on (2) . The 8-crystallin accumulates till it comprises 70-80% of the soluble protein content of the lens fiber cells (3) (4) (5) . At a later stage of development, the 8-crystallin synthesis gradually decreases (6) (7) (8) . Consequently, the concentration of 6-crystallin is high in the lens center, which contains cells deposited at early stages in development, and low at the lens periphery, which contains cells deposited later in development. Thus, the 8-crystallin accumulation specifically characterizes the process ofdifferentiation and development from a lens epithelial cell into a lens fiber cell.
The spatial resolution in the previous report was roughly 100 ,um or 10 lens fiber cell diameters in all three dimensions.
In the present study, intact lenses were scanned by using a small volume scattering technique, microscope laser lightscattering spectroscopy (MLLSS), for which the spatial resolution can be as small as 2 x 2 x 2 ,um. The increased spatial resolution made it possible to collect information on the intracellular particles of single fiber cells DYNAMIC LASER LIGHT SCATTERING The temporal fluctuations of the scattered light intensity I(t) were analyzed in the form of intensity autocorrelation functions, c(r) = (I(t)I(t + T))t, [1] where ( ) stands for a time average over t. The rate of the fluctuations is proportional to the rate of molecular brownian motion of macromolecules inside the cytoplasm. At any moment, the scattered light intensity is the superposition of contributions from scattering elements that are totally static, I,, and from scattering elements that move and thus cause intensity fluctuations, Im(t): [2] Using this notation and introducing the normalized electric field autocorrelation function g(r) of the field Em(t) scattered by the moving particles [I(t) = E(t)E*(t)], g(r) (E(t)E*(t + r)) (E(t)E*(t)) c(r) can be written as [3] [4]
Abbreviation: MLLSS, microscope laser light-scattering spectroscopy.
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The downward curvature of the diffusion coefficients on the lens edges is an artifact due to optical alignment differences between the central and edge parts of the lens. Since the lens is held in silicone oil between two microscope cover glasses, the edges of the lens are curved surfaces in contact with the oil while the central part of the lens is in flat contact with the cover glasses. Therefore, when the laser beam enters the lens edges, it undergoes different refraction than when it enters the central lens region. Although we were able to determine that the k values are decreasing at both edges, it is difficult to quantitate this effect due to the lack of knowledge concerning the exact curvature of the lens edges. We have therefore chosen not to correct for the k values so that k is overestimated at the lens edges, leading to an underestimation of the diffusion coefficients, as seen clearly from Eq. 5. When the lenses are sufficiently large, the region of flat contact is also large, resulting in a consistent refraction through most of the scan. On one edge, the drop-off in diffusion is actually absent due to this large flat region and the angle at which the laser beam enters the sample. Taking the above into account, it is clear that the fast In Fig. 5 , the relative amount of fast component at the center of the lens and at its maximum value are plotted as a function of lens age. Clearly, the two quantities coincide at early ages and then start to differ more and more, until finally the difference reaches a stable value, indicating no further deepening of the central dip. at center Defy.~~~~o at maximum -The rather large spread in the data is a result of working with a small scattering volume. It is known (12) that lens fiber cells contain some inhomogeneities on the scale of a few micrometers. It is obviously impossible to avoid these with the high-resolution MLLSS in which the scattering volume is on the order of the size of occasional cytoplasmic inhomogeneities. Also, an inhomogeneity or aberration anywhere along the path of the light through the lens, including the edge, can slightly change the optics and thus contribute to the spread in the data. The reproducibility of data taken on one spot without moving the lens is, however, excellent. Noteworthy is the increase in the spread on the data, especially on D,, with lens age. As the lens gets older and the lens cells are more compacted, the likelihood of some cell edges to lie in the scattering volume increases. Considering that the lens has been repositioned between repeated measurements with an accuracy of 415 um, this will give rise to an increasing degree of spread on the data as the cells become thinner in older lenses.
DISCUSSION
It is impossible from the dynamic laser light-scattering data alone to determine, in an unambiguous way, the intracellular phenomena that give rise to the observed experimental data. The following is, therefore, only a plausible explanation for the features exhibited by the measurement of time and position dependence of the diffusion coefficients Df Contributions of different types of crystallin proteins to the signal obtained with MLLSS from whole lenses cannot be distinguished. Therefore, the fast diffusion coefficient Df really represents an average diffusion coefficient for a-, (-, and 8-crystallins in their monomeric form. Since the a-and (-crystallins, however, form only a small fraction of the total crystallin composition of the lens at the ages at which we studied them (5), they contribute at most one-fifth of the scattered intensity. Therefore, all experimental features reflect mostly effects related to 6-crystallins. It is in principle possible that the reported crystallin aggregation occurs in the less abundant crystallins only. This aggregation would, however, have to be very extensive to yield the observed dip in Af/(Af + Aj). Considering that such selective aggregation into giant a-or (3-crystallin aggregates has not been reported elsewhere, we assume it to be unlikely.
We feel that critical phase separation inside the lens, if any, cannot explain the experimental data in a satisfactory way. Indeed, as one scans from the edge of the lens to its center, one travels along an increasing concentration of crystallin protein. If the line of travel in the phase diagram, at the set of conditions of the experiment, as one approaches the center of the lens, comes close to the critical point in the phase diagram for intracellular crystallin, critical behavior should become apparent. The precritical density fluctuations should scatter more light and the corresponding diffusion coefficient should exhibit critical slowing down. Certainly, this is not observed for the fast moving, crystallin content of the lens cells. On the other hand, the slow component does slow down (central dip in Dj) and the relative magnitude of signal scattered by the slow component increases (central dip in Af/(Af + As). However, there is no plausible explanation for a phase separation of the large particles, such as organelles and a nucleus, in the lens cells. Their concentration is known to decrease with cell age and thus to be lower in the lens center compared to the lens periphery.
In conclusion, we have applied MLLSS to intact chicken lenses to obtain information on the diffusive properties of intracellular particles inside single lens fiber cells. With the high spatial resolution of the technique, it was possible to obtain information that is both quantitatively and qualitatively different from earlier lower resolution work. Combined with biochemical methods, we feel MLLSS can provide important information on the properties and the state of the cytoplasm in eye lenses. The application of this noninvasive technique to the study of single cell transdifferentiation problems in the eye seems to be of particular interest at this time.
